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S U M M A R Y  \ 
T h i s  paper is a c r i t i c a l  review of calculations of absorption 

f s c t o r s  i n  the atnosbhere oxygen of radiowaves in centimeter and micro- 
wave bands, Ihc absorption factor of 02 a t  sea level  is calculated i n  
1% 2.2mm- 10cn wavelength with the shape of the l ine obtained from 
the solution of the k ine t ic  equation. From the  comparison of the computed 
absorption fac tor  wit5 t h e  exgerinental one in the  A =  4.3-6.7 mm wave- 

l enf th  r e e o n  the m e a n  value has been found of the half-width of the epee- 
t r a l  l i n e  A * ~ L  -6.81 G CPS uc P = 760 mm Hg.*'For a polytropic model of the  
atmosphere the equivalent path leng-H of radiowaves in oxygen beyond re- 
sonance was obtained equal t o  5.1- 5.3 kn, In the resonance region 

\ 
5 m ,  the quantity H can acquire values 8 - 21km. 

* * *  
The weakening of centimeter and microwaves in the atmosphere is 

t o  a s igni f icant  degree determined by absorption of oxygen and water vapor 
molecules, The absorption factor  of water vapor was coGputed by UB in t he  

works C1-33. I n  the present paper we  s h a l l  discuss the methods of compu- 
ta t ion  of O2 absorption factor. 

by Van Vleck C43 i n  1947. Iiuring the time elapsed since then the Van 
Vleck theory ur?derwent no principle var ia t ions of any so r t ,  although the  

The first calculations of oxygen absorption fac tor  w e r e  completed 
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r e s u l t s  of 143 were more than once poiisbed up an6 made more precise 

[5- 83. The opinion existed Cg - 1 2 3  t h a t  the computed absorption fac tor  
for 02 5.6 in good agreement with the experiment and does not revea l  
*1anosa3Aes", fnherent f o r  example t o  the absorption fac tor  of water vapor 
(this, incidently,  is deal t  with at f u r t h e r  length in [3]).Eowever, the 
develqnent  of measurement methods and techniques allowed t o  be more epe- 
c i f ic  about the presence of a discrepancy between experiaent and theory 
in regard t o  t h i s  question. The recent measurements of oxygen absorption 
in decimeter waves E133 provided in par t icu lar  s ign i f icant  exce~se8 over 

t he  computed absorstion factor. In connection w i t h  t h i s  there are in 
[13, 141 c r i t i c a l  remarks i n  regard t o  the computation of nonresonance 
absorption in the Van Vleck theory*.Quite contradictory data on the  

half-widths of O2 spec t ra l  lines are brought up in literature ( m e  
C5.9, 12.16 - 261) and the  same can be said of the equivalent path length 
of radiowaves i n  oxygen C 1 1 ,  27- 321. We shall pause only at separate 
questions of oxygen absorption spectrum descr ipt ion,  current ly  under dis- 
cussion. D e t a i l s  on 02molecule and its spin-rotational spectrum can be 
borrowed from [4, 32- 353. We shall denote in the  following by X- the 
t r ans i t i ons  J + l+  J and the t rans i t ions  J +  1 -+ J -by K + ;  the 

respective resonance frequencies will be denoted by 3~ and 3 ~ +  and the 
half-widths - by b ? ~ -  and A ~ K +  ( K being t h e  quantum number of the 
atixnuthalmoment of nucleus '  quantity of notion, J is the quantum namber 
of t h e  t o t a l  moment of the quantity of motion of the molecule). 

1. Amongst pecu l i a r i t i e s  of the considered absorption spectrroa 
the comparatively r u r ; a l l  sca t te r ing-of  resonance frequencies of 0, 

VKL , ly ing  iP a narrow band 6v Y 10 cpe, centered near J =  60 cps**. 

The experimental r e s u l t s  of 1153 exceeded the computed by nearly a fac tor  
of 2 [4] at A = 2 O c m 0  However, the work ClS] is not f r e e  from shortcomings 
in regard t o  measurement method. 
* *  W e  have i n  rcind all the t rans i t ions  t o  IC= 49 except 1, . The t rans i -  
t i ons  w i t h  IC >29 did not contribute notably t o  absorption because of low 
population of the l eve l s  a t  heights s <20km, where the spec t ra l  line8 of 
02 already allowed. A t  heights t"30kmthe absorption fac tor  of atmosphere 
oxygen exceedsthe corresponding values in the minima by a factor  of 2 and 
more even in peaks of weak lines w i t h  X- 45. It is author's 1363opinion 

0 0 e/. e 0 
a+-- 



and the presence of nonresonance absorpt ion*.  The first circunstance ia 
conditioning the overlapping of spec t r a l  lines at pressures P>/3OmmHg., 
and i t  explains the f a c t  that the  linear extrapolation AvK+ - N P of lines' 
half-widths, measured at l o w  2ressure ( P 
rated values of &=+ - 
by the mapitude of the measured absorption at  P la ta .**.  In  order t o  

coordinate the contradictory data on the half widths of spec t ra l  l ines 
f.5, 9, 12.16 - 263, an assumption is  made in a series of la tes t  works 
C8, 12, 383 on the nonlinear dependence of A V g t  on P. A t  present, there is 

still no question of speaking in terms of exact description of t h i s  depen- 
dence, but its rough aprmoxhations were already u t i l b e d  in the computa- 
t i o n s  of [a, 123. Note, however, t ha t  i n  the work @] all t he  nonlinearity 

amounts t o  deperdence on pressure r a t i o  p ( P )  = O~,N,/OO~-O. (a beTkf; the  col- 
l i s i o n  cross  section). Megnwhile, thereielrro bas i s  for such an asmtlaption 
w i t h i n  the  framework of the theory-of binary col l is ione,  according t o  
which 1 should not be dependent on pressure. Fulfillment of the correlat ion 

are retained, for all P, at which t r i p l e  co l l i s ions  could be neglected, 
although spec t ra l  l i n e  overlapTing takes place even in t h a t  aase.*** 

2 - 1Omm Hg), leads t o  over- 
a t  P = 1 a t m  by comparison with the estimates of A%L 

- P ought t o  be expected in t h e  pure oxygen if assumptions of [S] ??--e 

[continued from * preceding page] ... t ha t  temperature f luctuat ions at  
heights t 330 km may change the population l eve l s  of 02 molecules, t ha t  
even w e a k  l ines ,  such as, f o r  example, 
r i c  spectrum of the Sun. 
We m a k e  use of the gene ra l ly  acceDted terninology %onresonance absorption" 

though from the physical essence t h i s  term is not accurate (see f.141). 
** According t o  measurements of [19,21] and also t o  computations after the 
Anderson theory f.211, the m e a n  value of the r a t i o  b~iJ 9 in pure oxygen is 
( A ~ K ~ L / P ) ~ ~ ~ ~  = 1.95 mc/anaHg ; hence, taking i n t o  account the small diife- 
rence of t h e  effect ive cross section of co l l i s ions  02 --B 
02-  O2 (according t o  a series of measurements f.21, 371 tgeir ra t io  is 

N 0.90) * a d  the correlation lbKt - P, we obtain at P = 1 a t m  in t h e  a i r  
A9 + 

wouHB follow from measurements of CS, 9 ,  12, 163. 
*** qual i ta t ive ly ,  t h e  nonlinear dependance bvf, (p) can be explafned, 
by considering interact ion of two standard mode = of absorbing molecules - 
h m o n i c  osc i l la tors .  

Jz7-become observable in the  t e l l u -  

from that of 

1.35 = lO9bps (0.045 cm-l), tha t  is by a fac tor  of - 2 greater than 
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A l l  the available data on o r ~ g e n  absorption fn the atmosphere 
(see below), a8 w e l l  86 in its pure state (see [39 I) ,  can be in te rpre ted  
by estimating the factor  axfi in t i e  expression 

from the work C23, as being dependent on P. 

the description of t h e  dependence A%+, (P), obtained from observations of 
oxygen absorption i n  the r eg ion  J = 9- 62cps at several  pressures; 

The following empirical formula is proposed in the work [I23 for 

1 . r ~  s h d l  pause below at  the results of calculation of the value8 
of b g +  by formulas (1) and (2). ife should note here only, t h a t  the com- 
parison of the measured and computed absorption factore  of %in the  re- 
gion v = 58- 62dcps only, cannot allow t o  determine somewhat reliably 
the  form of the  function V = 9- 62 Gsp. 

It may be seen from F i g . 1  [nex t  page] and Fig, 60f the work m], 

- 

he (P) outside the in t e rva l  

t h a t  at the very least the band v = 50- 70 cps should be n t i l i c e d  for 
t h a t  purpose at  various pressures. 

.\e t o  the nonresonance absorption of oxygen, it is described, t o  
the best of our knowledge,by a Debye-type expression in all foreign publi- 
ca t ions  available t o  us. T h i s  expression was obtained in the limit e m ,  

at o s c i l l a t o r  na tura l  frequency approaching sero, by Van-Vleck-Weisskopf 
[&I. A thorough cr i t ic i sm of i n i t i a l  postulates  and r e s u l t s  of the said 

author8 w a s  given in 1411, and more par t icu lar ly  in c42], Here it should 
be s t ressed  once more, t ha t  the  limit expression, obtained in [40], has 
no r e l a t ion  t o  nonresonance absorption of oxygen, for in [e) the  u l t i -  
mate t rans i t ion  has been materialised t o  the case of a f r ee  electron, 
whereas  the nonresonance absorption of 02has  an en t i r e ly  d i f fe ren t  
nature [14,39]. The f ac t  that for describing nonresoILBpc8 absorption am 

incorrect  expression was used for  20 years is apparentlf also emlairrod 
by tho Van Vleok-Wei6skopf l i m i t  expression, inberentu urong, hav- 
led, at selection of the  magnitude of the  parameter 
of nonresonance absorption at 1368 level Lz the x y  3-  10 as band. 

t o  a v a l U  order 
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Fig. 1. Conparieon of the experimental results of [s, 21, 22, 501 
with the absorption factors computed with line s h q e according 
to the kinetic equation at vcarious values of (aKL)aver. Within 
the AN 4.3- 6.7 mm band. The experimental points are situated 
either at the center or at intersections of the respective signa. 

In C14J an approximate expression w a s  obtained for the nopceso- 
nance absorption of oxygen at specific idealisatione, making uBe of the 
density matrix. Empirical correlations are sometimes used for estimates 
Of nonresonance pare of absorption ( 6ee, for example, 1391). 
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The resonance par t  of oxygen a b 6 O r p t i O X l  ie described i n  the p- 
eent work by the usual method: the molecule is modeled by l i nea r  harmonia 

osc i l l a to r  with a natural  frequency V K ~  and s i tua ted  in an external elec- 
trona-P;netic f i e ld ,  undergoing col l is ions with other molecules. However, 
assuming t h a t  an erroneous shape of the Van-Vleck-Weis6kopf l i n e  wae u t i -  
Uzed in all the preceding computations of the microwave spectrum of oqgen, 
below,the following expression far the spec t ra l  l i n e  is that  obtained from 
t he  solution of the kiaecic equation t 

The deriving of the expression (3) is free from shortcomings of principle,  
though it um made in certain idea l i ta t ions  (see for details  [l, 421). 
The Ear th ' s  magnetic f i e l d  (Zeeman ef fec t )  and the Doppler s h i f t  do not 
exer t  any e f fec t  on the shape of the absorption l i n e  of 02at height6 
8 < &km [43, &J. An attempt has been made in [37] t o  d e t e r a h e  experi- 
mentally the shape of the absorption l i n e  of oxygen, However, the lat ter 
measurements were made near the resonance, uhere all the currently kncm 
spec t ra l  l i n e s  are Close t o  one another. That is why, no choice of any 

s h a p  can be made amongst absorution l ines ,  based upon the results of the 

work c371. 

2, W e  made the computation of the absorption fac tor  of oxygen 
using the formula 

y[a6/  EA^] = A ~ P W Z K  ( F K + ~ ~ K +  -!- + POP~CZ~, )~~ ,  (4). 

where A 1  3: 2,6742; P and T a r e  the  pressure (in mm.Eg) and the absolute 
temperature; v is the  frequency of the external f i e l d  in giga-cps; 
Ak = exp ( - B h c K X K  + 1) / ; the rotatio:!al constant of the oxygen prole- 

cule H = 1.44 mol; h, c, k are the Plank constant, the speed of light aud 
the Boltsmnnn constant, respectively ; 



In the nonresonance term of (4) 

it w a a  postultiAcd 
Po = AVO/ (Vz + AVO*) c A v ~ =  0.6 C ~ S  ; 

at such assortment of the value of Avo the nonresonance t e r m  describes 
not too  badly the absorption in the  8- 30 mm band, though, as alread? 
noted above, such description methodsinduce objections of prfnciple*, 
I n  the calculation resonance frequencies 3 ~ 2 ,  borrowed from [45] (see 
also the Table 1 from c3;91), w e r e  u t i l i zed ,  A t  K( 23, the frequencies 
referred t o  were computed in [25, 463 and are found in good agreement 
with the measurements of [18, 20, 25,463,the discrepancies not exceeding 
0.003$. The circumstance noted permits t o  hope for a high degree of pre- 
c is ion  of frequencies 
measured. A hypothesis is &de and llsubstantiatedlt in a series 02 foreign 
publications 147 - 493 about a decrease of reeonance frequencies of 02 

with preesure increase in pure oxygen, But the  shift  of resonance frequen- 

cies of O2 must a lso  be noticeable in the atmoqhere oxygen, provided it 
occurs a t  oxygen concentration t o  100%. for the short-range molecular 

V g + ,  computed at 25 G K (49, which were not 

in te rac t ions  (London dispersion, exchange forces),  being nearly iden t i ca l  
in both cases, lead t o  effect ive co l l i s ion  cross  sect ions close t o  one 
another t 6 0.90) c21, 373. However, i t  is shown in [39], t h a t  there i s  

in f a c t  no basis t o  estimate the frequencies VKL as dependent on pressure 
P, a t  l e a s t  t o  P N 7- 8 atn. 

I 

t The quantity b V K +  was computed according t o  (11, the  vahe  of - 
being assumed equal t o  0.90 [21,37]r the  temperature f ac to r  n e  w a s  
taken equal t o  0.85 f o r  all t ransi t ions,  as the average result of measure- 
ment f o r  f i v e  spec t ra l  l i n e s  of 0, f243, and the m e a n  value of (# g4)avero 

w a s  picked np from the comparison of the computed absorption f ac to r  with 
t h e  experimental one in the region N 4.3 - 6.7mm (under normal condi- 
t ions  the nonresonance absorition in t h i s  band is  neglectingly small). 

In wavelengths 1 CP 6 3cm, the nonresonance absorption y'-, corn- 
puted 
\I in oxygen, and in the  band A > 3 c m ,  i t  defines f u l l y  the absorption fae- 
t o r  Of 02. 3[n the region of minimum oxygen absorption y N 3mm (See Fig. 2) 
the r a t i o  Ynr / v  0.02, in wavelengths A 6 2 . 4 ~ ~  it is > 0.4. In the 
peaks of absorption (&l: 5mm)and 

as indicated, const i tutes  no l e s s  than 35% of the t o t a l  absorption 

2.5mm) we have respectirr&g.fiext 
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By the method of l e a s t  squares  we found the optimum value of ( 
being equal t o  1.17 mc/mmHg at  PI 760 mm Hg, which corresponds t o  

(4K 2 = 0.81 giga-Cp6 - 0.027 cmol (See Fig. 1) 
t-ns assumed C1- = 2.064 mc/mm Hg L213 ( the nearest l i n e s  are remote from 

rn 

For the l i n e  1.. it 

2,53mm), which corresponde under normal conditions t o  _= 1.41) cps. 
The last result coincides with the value measured in f23J. From fomttla (2) 
in the region A r  5mm a t  P = 360~111~3g and T = 3 0 0 ° K  it follows tha t  
A V  = 0.70 giga cps = 0,023 cm-l. But t h e  authors of Cl2J n t i l i t e d  in the 
calculation of the absorgtion factor of O2 the Ban Vleck-Weisskopf formula 
which, as already noted above, leads t o  a somewhat different  value of 

( a ~ 2 ) a v  than the l i n e  shape from the k ine t ic  equation, though i n  resonance 
both formulas d i f f e r  l i t t l e  from one another**. The optimam value of 
found by u6 f o r  the shape of the Van Vleck-Webskopf line at P = 760 mm Eg 
and T = 3 0 0 ° K ,  givee (&,+.), P 0,032 cm‘l. Such discrepancy in the r e s u l t s  
for one and the same shape of the l i n e  (0,023 and 0.032 cm-’) should be 
en t i r e ly  ascribed t o  the degree of carefulness in the  determination of tke 
corresponding parameters. Let us s t r e s s  once more t h a t  at finding the opti-  
mum value of ( a KL )av 
took in to  account t h e  experimental data in the region9 ry 50-7Ocps. 

It w a s  unanimously e s t h t e d  t h a t  the quantity av did not 
exceed 0.02 cm” under s tandard  conditions. Tolbert & Stra i ton  [9], whose 
experimental data contributed t o  a signif icant  extent t o  the ver i f icat ion 
of the theory of molecular absorption of 02,held down also t o  t h a t  opinion. 
However, a8 the experimental material  acaumulated, it became possible t o  

make the value of (AVK + ) av more precise. It is nov estimated, that  at 
standard conditions ( b g +  0.02 [S, 123. But, C a r e f u l  cornpa- 

risen of the measured absorption factor  of 02 with tha t  computed according 
t o  the kinet ic  equation-given l ine  shape, gives, 88 already seen, the 
value (A99 + ) av P 0.027 cmol. 

we made u8e of the method of l e a s t  squares and we 

- 

Ye considered above only tbe main ieotope of the oxy n molecule, 
016G6, Since the percent content of isotopes 016017, 0 16 0 lrad 0180~8 
in the atmosphere is l e se  than en8 perc. of the t o t a l  oxygen content El) 
and t h e i r  resonance frequencies d i f f e r  f n s i g ~ i f l c a n t l y  frar the re80ntuaee 
irequencies of 0 l 6 O l 6  [52, 533, we may neglect the influence of o v e n  

(continued from p. 7 )  .. y n r / y z O . w  & ‘fm/yz 0.007.The figures brought 
up allow a qual i ta t ive appraisal of the inaccuracy in the range of t h e  contp- 
ted factor  because of incorrect accounting of nonresonance absorption. 
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isotopes upon the absorption factor of centimeter and 
waves without not iceable error. 

millimeter radio- 



10. 

It may be seen from Fig.2 t ha t  the absorption f ac to r s  of 02 

computed with different  shapes of spec t r a l  l i nes ,  di2Zer l i t t l e  among 
themselves at > 2.3tm (cf. with the  corresponding c ~ c u l a t i o n s  for 
w a t e r  vapor [l]). As a consequence of t ha t ,  the experimental results 
of [U] in t h e  frequencies V =%-62+ ( ‘ /A = 1,93-2,07 cnr-’) and in the 

region V N 65 cps 
t o r s  computed in t h i s  work and in Cl.23, though at description i n  the 
l a t te r  of the absorptfon spectrum of 02, a series of inaccaraciee had 
been admitted (see above). The discrepancy between the computed ( so l id  
line) and the measured absorption in the region 1 H 3mm, is possibly 
the result of incorrect  accounting of the  nonresonance atsorption. The 
r e s u l t s  of computations in t h e  regions 3 < 2.4 mm and 

s a t i s f y  t o  an i den t i ca l  degree the absorption fac- 

a3 cm are 
unreliable fo r  t i e  same remon. I n  par t iculqr ,  the experimental result8 
of [54] in /u 2.18 and 1.3) mm exceed the computed data by alrnaet one 
order.. In  wavelengths < 2mm the absorption i n  the  atmosphere in  
standard conditione iS determined by the ro t a t iona l  spectrum of w a t e r  

vapors 11 - 31. The aggregate absorption fac tor  of the atmosphere in 
c e n t h e t e r  and microwaves 56 represented in Fig.4of the work B]. 

3. In [27], the  equivalent path length of radiowaves in oxygen (H) 
for the  exponential model of t h e  atmosphere and i n  absorption Blip- ya8 

fc-md t o  be 5*3 laa **= In c29 - 2x2 t he  values B e 9 - ll km were rrtil.fced, 
an5 b. [UJ the value H = 1.516 ka~ w a ~  used, while in [32], it is aseerted 
t h a t  H = 4 k m .  
by PB according t o  fomnala 

The calculat ions of the equivalent path length were effected 

00 

If = 5 7 (2 )  dzl7 (0) (5) 
0 

for a polytropic model of the atmosphere, as i n  [28) : 

For more details  on the r e su l t s  of [%I, 8ee [393. 
** The revis ion of the r e s u l t s  of 1271, undertaken in [28], is based on 
the  erroneous opinion of immaterialness of contribution from the uppem 
l aye r s  of the atmosphere ( t  >IIkm) t o  the quantity E. 



)c = [dT ldzl = 6,5 &# /m. 6 = mgI kTtr = 0,151 w' 

at mean molecular m a s s  n = 0.151~m~~, g is 
the gravitation acceleration, B-is a gas cons- 
tan t ,  PI1 and Tll are the pressure and tempera- 
ture a t  the height s O = l l k m r  respectively 
equal to 181.6 mu Bg an8 228.5O X, 
are  the pressure and temperature at sea  level. 
The r e su l t s  of computation are  compiled in the 
adjacent Table, They corroborated the values of 
H 3: 5.1- 5.3km outside the resonance. A t  the 
same time, a dependence of '(= r c ~  $ * wa6 taken, 
while the numerical integration of the resonance 
par t  of abeorption 5.n (4) w a e  materiali ted on a 
BESN-I1 conputer by the Simpeon method. I n  the 

resonance region 3 - 56- 64 cps,the q w t i t y  
H 
take values from - 8  t o  21 ~rm. It hats jast ae 

Po and !Po 

depend8 essent ia l ly  on t he  frequency and can 

high a value ( -Ukm) near .J l_zU8.7 cpe too. 
We a s s u e d  in the course of computations, t ha t  

t h e  quantity ( W K ; t  ) r i s e s  l i nea r ly  from 1.17 
t9 1.95 Mc,-'m.fIg vithin tho range of P variat ion 
from 270 t o  20 mm.Hg. Such approximation of the 
dependence a+( P 1, is apparently no worse than 
(21, though it can not pretend t o  const i tute  a 
precise description of the above dependence. 
Incidently, at  other i n t e l l i gen t  approximations of 
the correlation (P) , including t h e  expression 
(21, the difference in the respective value8 of 
E does not exceed -5%. 

av, 

If we admit, tha t  the dependence of the 

noriresmance absorption on pressure awa~l from 
t k :  resonance is  described by the oorrelation 

-3, as estimated above, the value of H Lr 
in the regions where the nonresonance absorption 
is substant ia l  (cm waves and waves 2.3~~) 



will r e s u l t  near 4 km m43, Estfmates, made LZI [55Ir show a cer tain 
dependence of the equivalent path length in oxygen on the time of the 
year. 

dec- fract ions of giga-cpe, the ionosphere absorption T can render 
the interpretat ion of measurements of v e r t i c a l  absorption fn the  atno- 
sphere more complex, but f o r  the median band of the European SSSR t h i s  
correction is snall. Thus, in winter, we usually have for Gore- at noon 

C563, usirsg the correlation r yQ’2).  

Rote, tha t  i n  certain cases, at  frequencies of the order of 

r / Y H - 6 %  a t  A y cm (we used for r the value obtained from data of 

CONCLUSIONS 

1. By the strength of the  charac te r i s t ic  of oxygen absorption 
spectrum, the divergence of a3sorptioa factors ,  computed with a l i n e  shape 
according t o  the k ine t ic  equation, and with the erroneous shape of the 
Van-Vleak-WeissScopf Use, is not too great in wavelengths )r > 2,j)mn. !Phis 
divergence fs most substant ia l  ID the region Z 3rma (by - 1.8 t-6) . 

2, A t  standard atmospheric conditions the absorption spectrum of 
O2 in the x-4.1- 6 , 7 m  and x z 2 . 3 8 -  2,63mmbands c m  be quite satis- 
f ac to r i ly  described u t i l i z i n g  the spec t ra l  line shape from the solution 
of the k ine t ic  equation and assuming the l i n e s ’  half-width3 eo be 
A$= - + = 0.8~:;: (K # 1) and = 1.43 giga-cps (see Figs I and 2). 

3. The equivalent path length of radiowaves in the atmosphere 
oxygen (senith) outside the resonance depends l i t t l e  on frequeney and b 

equal t o  5*1- 5.3 km for the caee o f  polytropic atamsphere, which coinci- 
des with the e a r l i e r  found character is t ic  length of o~ygen absorption for 
t h e  exponential model of the atmosphere [W] .  
&a-cps and the equivalent path length depends essent-y on frequency 
being susceptible t o  attain a magnitude ranging from 8 t o  21 Ism. 

In the resonanae q z g 6 -  

4. The unsolved problems of the theory of microwave absorption 
spectrum of O2 are those about the nonresonance absorption (quantitative 
aspect) and t h e  dependence6 of 02 spec t ra l  l ines’  half-widths on pressure. 

In conc1usion, we wish t o  extend OUT thanks to L.A. Rakova and 
ll. B. Flaksmnn for carrying out computer BESM- I1 operatbns. 
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